INTRODUCTION
The work of Bradley & Anderson (1958), Bradley et al. (1961) and Jones & Bradley (1964) demonstrated phage which were active against representatives of several actinomycete genera. More recent studies have shown the existence of phage for a wider range of genera (Prauser & Falta, 1968; Prauser, 1976; Wellington & Williams, 1980) . These workers have found that phage are usually active only on strains of a given wall chemotype (as defined by Lechevalier & Lechevalier, 1970b) . Thus, Prauser & Falta (1968) used phage to distinguish between Nocardia (chemotype IV), Oerskovia (chemotype VI) and Actinomadura (chemotype 111). Streptomyces (chemotype I) was clearly distinguished from a range of genera with wall chemotypes 11,111, IV and VI (Wellington & Williams, 1980) . Sometimes genera of the same chemotype can be separated by their reactions to phage; Nocardioides can be readily distinguished from other genera of chemotype I (Prauser, 1976; Wellington & Williams, 1980) . It is, however, unusual to obtain phage which will lyse all genera within a given chemotype or all species of a genus. It is necessary, therefore, to use a battery of phage (preferably polyvalent) to detect lytic patterns of value to classification at the genus level. There is no attempt to select those phage which will produce a predicted taxonomic result. This approach differs fundamentally from the use of phage to type species or infra-specific taxa. Typing involves the rigorous selection of those phage which will conveniently identify known taxa.
The taxonomy of the genus Nocardia and related genera has been considerably clarified by the application of numerical and chemical techniques (Minnikin & Goodfellow, 1976; Goodfellow & Minnikin, 1977; Goodfellow & Minnikin, 1980; Orchard & Goodfellow, 1980) . Nevertheless, the precise boundaries of the genus have not been finalized. In the present study the reactions of representative Nocardia strains and those of other genera have been examined using a battery of phage, in an attempt to provide supplementary information on the classification of this genus.
Phage. Attempts were made to obtain as many phage as possible which could lyse Nocardia species ( Table 2) . Some were received from other workers. The remainder were isolated from natural habitats (usually soil) by a specific enrichment technique modified from that of Bradley et al. (1961).
Flasks (100 ml) containing 15 ml P.Y.Ca broth [Oxoid peptone, 0.5 % (w/v); Oxoid yeast extract, 0.3 % (w/v); Ca(NO&, 0.25 % (w/v); pH 7-21 were inoculated with 0.1 ml glycerol suspension of the prospective host. These were incubated in an orbital shaker (200 rev. min-l) at 30 "C for 6 to 8 h to initiate host growth. One gram of a mixture of samples from soils known to contain the prospective host was added to each flask; the soil/broth suspensions were incubated for a further 48 h. After incubation, samples of flask contents were centrifuged (1 h at 2000g). Small samples (about 2 ml) of the supernatant were filtered through sterile membranes (pore size 0-45 pm; Millipore) and collected in sterile tubes. Samples of the filtrates were spotted on plates of P.Y.Ca agar on which 0.1 ml of a glycerol suspension of the prospective host had been spread and dried. After incubation at 30 "C for 48 h, plates were examined for plaques. Single plaques were removed and soaked in 1 ml P.Y.Ca broth for 24 h. A sample of the broth was then re-filtered and spotted on a plate inoculated with the host. Single plaques developing on this plate were removed, soaked, filtered and the resulting phage suspension was stored at 4 "C, as were those received from other workers. Titres were between lo6 and lo8 plaque-forming units ml-I.
The Zytic spectra of phage. The reactions of the 33 phage on the 55 test strains were studied using doublelayer plates (Table 3) 
RESULTS AND DISCUSSION
Results for the 1815 phage-strain combinations tested are summarized in Table 3 . There was no evidence of phage infecting strains of different wall chemotypes, confirming previous observations (Prauser, 1976; Wellington & Williams, 1980) . Reciprocal cross-reactions occurred between phage from Nocardia keratolytica and from Streptomyces spp. Nocardia keratolytica is a little studied species, which failed to cluster with other Nocardia species in the numerical taxonomic studies of Goodfellow (1971) and Goodfellow et al. (1979) . Lechevalier & Lechevalier (1 970 a) reported that Streptornyces (Nocardia) keratolytica (IMRU 1249) had a wall chemotype I, as did the strain ATCC 12484 studied here. Thus, this species should be placed in the genus Streptomyces not Nocardia.
Most of the test strains were labelled as Nocardia species. Nocardia sensu stricto (Goodfellow & Minnikin, 1977) has a wall chemotype IV, with major amounts of meso-diaminopimelic acid, arabinose and galactose (Lechevalier & Lechevalier, 1970 b) and contains mycolic acids, It is therefore interesting to compare phage cross-reactions among strains of Nocardia sensu stricto.
The lytic patterns of phage from Nocardia asteroides, N. brasiliensis and N. carnea indicated a relationship between these species and N. otitidis-caviarurn, N . transvalensis, N. gardneri and N . farcinica. With the exception of N . gardneri, these species were included in Nocardia sensu stricto by Goodfellow & Minnikin (1977) . Nocardia carnea and N. transvalensis were placed in the N. asteroides complex (Goodfellow, 1971 ; Orchard & Goodfellow, 1980) and Gordon et al. (1 978) noted that N . asteroides and N . carnea strains shared many properties. Nocardia farcinica (ATCC 33 18) also shows many phenetic similarities to N. asteroides (Goodfellow & Minnikin, 1977; Orchard & Goodfellow, 1980) . Nocardia gardneri appears to be a heterogeneous taxon chemically, but some strains have a wall chemotype IV and contain mycolic acids (Minnikin & Goodfellow, 1976) .
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A relatively low number of cross-reactions between phage from N . asteroides and test strains of this species were positive. No phage lysed all strains, the maximum number attacked being six by a phage isolated from soil. Pulverer et al. (1975) were able to recognize 18 lytic patterns among N . asteroides strains, using phage spontaneously released from cultures. Phage from their type A strains (Schaal & Reutersberg, 1978) were usually unable to lyse type B strains and vice versa. The phage of Pulverer et al. (1975) which were included in this study generally behaved in this way.
Nocardia calcarea and N . opaca were included in the genus Rhodococcus erected to accommodate soft-growing nocardiae which do not form secondary mycelium (Goodfellow & Alderson, 1977) . Nocardia calcarea and N . opaca (NCIB 9409) were placed in R . erythropolis, while N . opuca (CBS 330) fell into a minor cluster. These organisms have a wall chemotype IV with mycolic acids similar to Nocardia (Minnikin & Goodfellow, 1976 ) and some phage cross-reactions occurred. The phage from R. erythropolis ( N . calcarea) lysed a strain of N. brasiliensis and N . gardneri; some phage from Nocardia species lysed N . opaca, strain CBS 330 being particularly susceptible to N . asteroides phage. This strain has mycolic acids which are similar to those of Nocardia (Alshamaony et al., 1976) . Phage capable of lysing both Nocardia species and species now placed in Rhodococcus have been reported previously (Jones & Bradley, 1964; Brownell et al., 1967; Prauser, 1976) . It would be useful to obtain more Rhodococcus phage to facilitate further study of these interactions.
Several Nocardia species showed no reaction to phage. Two of these, N . amarae and N. salmonicida, were included in Nocardia sensu stricto (Good fellow & Minnikin, 1977) . Nocardia salmonicida fell into the same subcluster (IA) as the type strain N. asteroides (Orchard & Goodfellow, 1980) . Nocardia amarae fell at the periphery of the Nocardia cluster (Orchard et al., 1977; Orchard & Goodfellow, 1980) . It also contains unusual mycolic acids (Lechevalier & Lechevalier, 1974) and many strains studied by Gordon et al. (1978) lacked the galactose characteristic of the walls of most Nocardia strains. Thus, the lack of reaction of N . amarae to phage lysing species of Nocardia semu stricto is supported to some extent by other taxonomic data.
The remaining species showing no reaction to Nocardia phage were N . aerocolonigenes, N . autotrophica, N . orientalis, N . rugosa and N. saturnea. The taxonomic position of these species is equivocal as they have a wall chemotype IV but lack mycolic acids (Goodfellow & Minnikin, 1977) . They can be differentiated from true Nocardia strains by their fatty acid, menaquinone and polar lipid profiles (Goodfellow & Minnikin, 1980; Minnikin & Goodfellow, 1980 ). In addition, Gordon et al. (1978) found that walls of N . aerocolonigenes lacked arabinose and sometimes contained madurose, thus having characteristics of both chemotypes 111 and IV. The strains labelled ' Actinomadura' have a wall chemotype IV, lack mycolic acids, and show little phenetic similarity to Nocardia or Actinomadura species (Goodfellow et al., 1979). These were not susceptible to Nocardia phage, being lysed only by phage isolated to them by specific enrichment of mouldy hay.
Thus the results of phage activity spectra support many of the conclusions of chemical and numerical taxonomy on the classification of Nocardia and related species. They also provide further evidence of the value of phage lytic patterns as an adjunct in the classification of actinomycete genera.
We would like to thank Dr M. Goodfellow, Dr H. Prauser and Dr K. P. Schaal for providing cultures and phage. The work was supported by an S.R.C. research grant (G/RA 0403.9). 
R E F E R E N C E

112, 95-111.
12-2
